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We have completed our work on the subject grant. We studied the effect of temperature on
several different scintillators that are suggested for use in planetary gamma-ray spectrometry.
These scintillators are important because they are much easier to accommodate on planetary
missions than the much better performing solid-state sensors that were used on the Mars
Observer mission.

We have shown that the scintillators Bismuth Germanate (BGO) and Gadolinium Orthosilicate
(GSO) both improve at lower temperatures. Figures showing these results are included in the
attached appendix which is from a presentation made at a June 20 PIDDP meeting run by Jack
Trombka of GSFC, the PI on the Gamma-ray instrument development program.

The figures show that the resolution of the BGO continues to improve down to a temperature of
about -100° C after which it levels out to show little effect of improved performance at lower
temperature. The resolution of GSO improves slightly at lower temperature, reaches a minimum
(best resolution) between -25° C and -50° C and then gets worse at still lower temperature.

The absolute values of the resolution are not nearly so good as are typically found in the
literature. One of the reasons for this is that we wanted to be sure to isolate any changes in the
scintillator with temperature from possible effects of cooling the photomultiplier tube (PMT).
The setup is shown in the attached appendix. We isolated the PMT from the scintillator crystal
with a long piece of lucite acting as a light pipe. Although we wrapped the light pipe in reflective
Teflon, we clearly lost some light collection efficiency in the process, which led to the poorer
than normal resolution. Nevertheless, the results should be useful for finding relative
performance and the optimum temperature of operation.

Conclusions

Both BGO and GSO can be used in planetary missions and will show improved performance at
lower temperatures. Many missions anticipated for the future will be to small bodies with an
ambient temperature that is less than 25° C, and thus it will be easy to cool the scintillators. In
particular, the BGO scintillator, which continues to improve down to about 170 K, and does not
get worse at still lower temperatures, might be ideal for a comet mission since most short-period
comets are expected to have ambient temperatures in the range of 120 to 150 K.
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